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Abstract : Ultrasonic and viscosity measurements have been employed to study the 
molecular complexation between proton donor and proton acceptor molecules of Polyvinyl 
Chloride (PVC) and Polymethyl Methacrylate (PMMA) molecules respectively. Tetrahydrofuran 
(THF) has been used as a common solvent. Measurements have been made at three different 
temperatures 30°, 35° and 40° C Maxima or minima in the properties studied have been used to 
predict complex formation.
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F e w  a t t e m p t s  s e e m  t o  h a v e  b e e n  m a d e  t o  u s e  a c o u s t i c s  a s  a  t o o l  i n  s t u d y i n g  p h y s i c a l  
p r o p e r t i e s  o f  p o l y m e r s .  D e g r a d a t i o n  o f  p o l y m e r s  s u b j e c t e d  t o  u l t r a s o n i c  w a v e s  h a s  b e e n  
r e p o r t e d  t o  o c c u r  b y  G o w a r i k a r  et a l[  1 ] .  V e l o c i t y  o f  u l t r a s o n i c  w a v e s  h a s  b e e n  m e a s u r e d  
b y  S w a r u p  a n d  C h a n d r a  [ 2 ]  i n  X y l e n e  s o l u t i o n s  o f  p h e n o l i c  a n d  s i l i c o n  r e s in s  a n d  f e w  
p h y s i c a l  p a r a m e t e r s  h a v e  b e e n  c a l c u l a t e d .  M a l l i k a r j u n a  R e d d y  et al [ 3 ]  h a v e  m e a s u r e d  
t h e r m o a c o u s t i c  p r o p e r t i e s  o f  p o l y m e r s  a t  l o w  t e m p e r a t u r e  u s in g  t h e o r e t i c a l  m o d e l  p r o p o s e d  
b y  S h a r m a  a n d  c o w o r k e r s  [ 4 - 7 ] .  C o m p l e x  f o r m a t i o n  i n  p o l y m e r s  b y  v i s c o s i t y  
m e a s u r e m e n t s  h a s  b e e n  r e p o r t e d  b y  C h a t u r v e d i  a n d  S r i v a s t a v a  [ 8 ] .  T h e  f u n c t i o n a l  g r o u p s  
p a r t i c i p a t e  i n  f o r m a t i o n  o f  c o o r d i n a t e  c o v a l e n t  b o n d ,  n a m e ly ,  t h e  p r o t o n  d o n o r  a n d  p r o t o n  
a c c e p t o r  g r o u p s .  P o l y v i n y l  C h l o r i d e  ( P V C )  b e lo n g s  t o  c o m p o u n d s  o f  p r o t o n  d o n o r  g r o u p  
c a l l e d  a s  c l a s s  A  [ 9 ]  w h i l e  p o l y m e t h y l m e t h a  a c r y l a t e  ( P M M A )  b e lo n g s  t o  p r o t o n  a c c e p t o r  
g r o u p  c a l l e d  a s  c l a s s  B  [ 9 ] .  A s  s u c h ,  i n  o r d e r  t o  s t u d y  t h e  i n t e r a c t i o n  b e t w e e n  d o n o r -  
a c c e p t o r  m o l e c u l e s ,  s a m p le s  o f  P V C  a n d  P M M A  h a v e  b e e n  u s e d  w i t h  t e t r a h y d r o f u r a n  
( T H F )  a s  a n  i n e r t  s o l v e n t .
T w o  p o l y m e r i c  s o l i d s  n a m e l y  P V C  a n d  P M M A  w e r e  d i s s o l v e d  i n  T H F ,  s o  t h a t  t h e  
w e i g h t  f r a c t i o n  o f  t h e  t o t a l  s o l u t e  i n  T H F  i s  o f  t h e  o r d e r  o f  0 . 0 1 1 2 .  T h e  r e l a t i v e
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concentration o f  the two solutes were changed in definite proportions. Seven samples were 
prepared and measurements were taken at three different temperatures.
U ltrasonic interferom eter has been em ployed to m easure ultrasonic velocity in 
sam ple solution at fixed frequency 2 M Hz. Viscosity m easurem ents have been m ade by 
using an O stw ald viscom eter. Tem peratures have been kept constant using constant 
tem perature water bath. Density m easurem ents have been m ade using a density bottle and 
m onopan balance. Accuracy in m easurem ent o f  ultrasonic velocity is -I- 0.5%. Tem perature 
can be kept constant to an accuracy o f  0.1 °C. Accuracy in the measurem ent o f  viscosity and 
density have been ascertained by m easuring viscosity and density o f  known liquids and 
com paring them  with the literature values. Values o f  ultrasonic velocity, density  and 
viscosity o f  the samples have been measured at three different temperatures 30°C, 35°C and 
40°C. Values o f  adiabatic compressibility pa, specific acoustic impedance Z an d  viscosity T] 
have been calculated using relations :
where U = Ultrasonic velocity, 
t]w = Viscosity o f water, 
p, = Density o f  solution, 
pw = Density o f water,
ts and tw = Tim e o f  fall between specific m arks on viscom eter for solution and
Figures 1 (a) and 2(a) represent m olecular structure o f m onom er o f PV C and 
PM M A  while Figures 1(b) and 2(b) represent chain structure o f  PVC and PM M A. The 
values o f  77, Z  U and /Ja at different temperatures have been plotted against weight fraction 
o f  PVC and shown in Figures 3 and 4 respectively.
It can be seen from  Figures 3 and 4 that tj, Z  and U o f  sam ple m ixtures show a 
m axim um , w hile /Ja show s a m inim um  at PVC : PM M A = 2 : 1 a t all tem peratures. 
F urther, the m axim um  values o f  velocity U ^ ,  v iscosity  rim» and specific acoustic 
im pedance Z ^  decrease w ith increase o f  tem perature. Adiabatic com pressibility shows 
an opposite type o f  behaviour. These experim ental observations can be explained on the 
basis o f  com plex form ation through coordinate covalent bonding between the constituents 
o f  the m ixture.
The presence o f  electro-negative chlorine atom in PVC is responsible for activating 
the hydrogen atom  in the m olecule. C hlorine being highly electro-negative attracts the
( 1)
(2)
water.
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s h a r e d  e l e c t r o n  p a i r  t o w a r d s  i t s e l f  c r e a t i n g  a  p a r t i a l  c h a r g e  ct  o n  C - a t o m .  T h e  c a r b o n  a t o m  
b e i n g  a t t a c h e d  t o  h y d r o g e n  a t o m ,  i t  w i l l  p u l l  t h e  s h a r e d  e l e c t r o n  p a i r  t o  i t s e l f .  T h i s  m a k e s  
t h e  H - a t o m  t o  d e v e l o p e  a n  e f f e c t i v e  c h a r g e  w h i c h  i s  t h e  p r o t o n  a v a i l a b l e  a s  a  d o n o r  
p r o t o n .  T h i s  i s  a s  s h o w n  i n  F i g u r e  1 ( b ) .
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Figure 1. (a) Molecular, (b) chain structure Of PVC
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Figure 2. (a) Molecular, (b) chain structure of PMMA
P o l y m e t h y l m e t h a c r y l a t e  c o n t a i n s  a  p r o t o n  a c c e p t o r  g r o u p  ( s u c h  a s  k e t o n e s ,  
a l d e h y d e s ,  e t h e r s ,  e s t e r s ,  etc. )  i.e. e l e c t r o n  w i t h d r a w i n g  e s t e r  g r o u p .
T h e  p r e s e n c e  o f  e l e c t r o n  w i t h d r a w i n g  e s t e r  g r o u p  m a k e s  t h e  c a r b o n  e l e c t r o n -  
d e f i c i e n t .  H e n c e ,  t h i s  e l e c t r o n  d e f i c i e n t  c a r b o n  p u l l s  t h e  e l e c t r o n  p a i r  t o w a r d s  i t s e l f  a n d  
b e c o m e s  t h e  c e n t r e  o f  h i g h  e l e c t r o n  d e n s i t y  f o r  a c c e p t i n g  p r o t o n .  T h i s  i s  a s  s h o w n  i n  
F i g u r e  2 ( b ) .
T h u s ,  w i t h  t h e  a v a i l a b i l i t y  o f  t h e  p r o t o n  d o n o r  g r o u p  i n  P V C  a n d  p r o t o n  a c c e p t o r  
g r o u p  i n  P M M A ,  t h e r e  i s  l i k e l i h o o d  o f  f o r m a t i o n  o f  c o o r d i n a t e  c o v a l e n t  b o n d  b e t w e e n  
P V C  a n d  P M M A ,  g i v i n g  r i s e  t o  t h e  c o m p l e x  f o r m a t i o n .
I t  i s  s u c h  c o m p l e x  s p e c i e s  w h i c h  w i l l  b e  s t a t i s t i c a l l y  e x p e c t e d  t o  b e  f o r m e d  i n  l a r g e  
n u m b e r s  a t  P V C  : P M M A  =  2 : 1  c o n c e n t r a t i o n s  o f  t h e  d o n o r  a c c e p t o r  s p e c ie s .
T hese com plex  form ation m ight be responsible for the sudden change in the 
behaviour o f  the sam ple m ixtures at 2 : 1 concentration.
S t r e p i k h e y e r s  et al [ 1 0 J  h a v e  r e p o r t e d  t h e  f o r m a t i o n  o f  g r a f t  c o p o l y m e r  i n  
p o l y v i n y l  a c e t a t e  w i t h  p o l y e t h y l e n e  i n  t h e  s i d e  c h a i n ,  p o l y m e t h y l  a c r y l a t e  w i t h  
p o l y - n - c h l o r o s t y r e n e  i n  t h e  s i d e  c h a i n ,  p o l y s t y r e n e  w i t h  p o l y v i n y l  c h l o r i d e  i n  t h e  
s i d e  c h a i n .
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T h e  b u l k i e r  c o m p l e x  c o n t a i n i n g  m o l e c u l e s  w i l l  n a t u r a l l y  e x h i b i t  g r e a t e r  v i s c o s i t y  
a n d  g r e a t e r  s p e c i f i c  a c o u s t i c  i m p e d a n c e  t h a n  t h e  i n d i v i d u a l  m o l e c u l e s ,  g i v i n g  r i s e  t o  
m a x i m u m  i n  77 a n d  Z .  S i m i l a r l y ,  t h e  a d i a b a t i c  c o m p r e s s i b i l i t y  w i l l  d e c r e a s e  w i t h  b u l k i e r  
m o l e c u l e s  r e s u l t i n g  i n  a  m i n i m u m  i n  Pa.
Figure 3. Variation of r\ and Z with weight fraction ot PVC 
Figure 4. Vanution of U and Pa with weight fraction of PVC
I n c r e a s e  i n  e n e r g y  o f  v i b r a t i o n  a c c o m p a n i e d  w i t h  r i s e  o f  t e m p e r a t u r e  s h o u l d  b e  
r e f l e c t e d  i n  a  d e c r e m e n t  i n  t h e  m a x i m u m  v a l u e s  o f  77, Z  a n d  U a n d  i n c r e m e n t  i n  t h e  
m a x i m u m  v a l u e  o f  c o m p r e s s i b i l i t y  pa o f  t h e  s a m p le  m i x t u r e s .
I t  t h e r e f o r e ,  f o l l o w s  t h a t  t h e  e x p e r i m e n t a l  f i n d i n g s  c a n  t h u s  b e  s a t i s f a c t o r i l y  
e x p l a i n e d  o n  t h e  b a s i s  o f  c o m p l e x  f o r m a t i o n  t h r o u g h  c o o r d i n a t e  c o v a l e n t  b o n d i n g  b e t w e e n  
d o n o r  a n d  a c c e p t o r  m o l e c u l e s .  O u r  o b s e r v a t i o n s  a r c  i n  a g r e e m e n t  w i t h  t h o s e  r e p o r t e d  
b y  T e w a r i  et cil [ I I ] .
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